Kinetic studies on spin trapping of superoxide and hydroxyl radicals generated in NADPH-cytochrome P-450 reductase-paraquat systems. Effect of iron chelates.
Electron spin resonance (ESR) studies on spin trapping of superoxide and hydroxyl radicals by 5,5-dimethyl-1-pyrroline-1-oxide (DMPO) were performed in NADPH-cytochrome P-450 reductase-paraquat systems at pH 7.4. Spin adduct concentrations were determined by comparing ESR spectra of the adducts with the ESR spectrum of a stable radical solution. Kinetic analysis in the presence of 100 microM desferrioxamine B (deferoxamine) showed that: 1) the oxidation of 1 mol of NADPH produces 2 mol of superoxide ions, all of which can be trapped by DMPO when extrapolated to infinite concentration; 2) the rate constant for the reaction of superoxide with DMPO was 1.2 M-1 s-1; 3) the superoxide spin adduct of DMPO (DMPO-OOH) decays with a half-life of 66 s and the maximum level of DMPO-OOH formed can be calculated by a simple steady state equation; and 4) 2.8% or less of the DMPO-OOH decay occurs through a reaction producing hydroxyl radicals. In the presence of 100 microM EDTA, 5 microM Fe(III) ions nearly completely inhibited the formation of the hydroxyl radical adduct of DMPO (DMPO-OH) as well as the formation of DMPO-OOH and, when 100 microM hydrogen peroxide was present, produced DMPO-OH exclusively. Fe(III)-EDTA is reduced by superoxide and the competition of superoxide and hydrogen peroxide in the reaction with Fe(II)-EDTA seems to be reflected in the amounts of DMPO-OOH and DMPO-OH detected. These effects of EDTA can be explained from known kinetic data including a rate constant of 6 x 10(4) M-1 s-1 for reduction of DMPO-OOH by Fe(II)-EDTA. The effect of diethylenetriamine pentaacetic acid (DETAPAC) on the formation of DMPO-OOH and DMPO-OH was between deferoxamine and EDTA, and about the same as that of endogenous chelator (phosphate).